Purpose-The benefit of radiation therapy in extremity soft tissue sarcomas remains controversial. The purpose of this study was determine the effect of radiation therapy on overall survival among patients with primary soft tissue sarcomas of the extremity who underwent limb sparing surgery.
Background
Soft tissue sarcomas are rare malignancies that occurred in approximately 9,220 patients in the United States in 2007 (1) . Approximately half of these present in an extremity (2) . These malignancies represent a heterogenous group of tumors, with many of them posing a high risk of local recurrence and distant metastasis. (3) The major therapeutic goals of treating soft tissue extremity sarcomas are to maximize local tumor control using minimal surgery with limb preservation and to improve survival (4) . A number of studies show that wide local excision with with pre-or post-operative radiation therapy results in equivalent outcomes regarding local control and overall survival when compared to amputations or more radical excisions (5) (6) (7) (8) (9) .
For those patients who undergo limb-sparing surgery with wide local excision alone, the addition of radiation provides a local control benefit, but no improvement in overall survival has been demonstrated yet (10) . The purpose of this study was to determine whether radiation therapy is associated with improved outcomes among patients with primary soft tissue sarcomas of the extremity who undergo limb sparing surgery.
Methods and Materials

Data and Study population
The Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Institute covers 26% of the US population and collects incidence and survival data from 17 population based cancer registries. The database contains information on primary tumor site, histology, stage at diagnosis, first course of treatment, follow-up, and cause of death.
Eligible patients had histologically confirmed invasive extremity soft tissue sarcoma. We identified patients using identified site codes C49.1 and C49.2 of the International Classification of Disease for Oncology, Third Edition. We restricted the analysis to patients aged > 20 years who underwent a limb-sparing surgery between 1988 -2005. Patients who presented with distant metastasis or underwent amputation were excluded. Detailed information regarding the tumor size and grade were only available in SEER following 1988. Patients with Kaposi's sarcoma were also excluded because the majority of these patients have AIDS which would confound survival outcomes. The final sample size included a total of 6,960 patients.
Variables
Overall survival was the primary study end point. Overall survival was defined as the time from diagnosis to death. Exposure variables included categorical variables for whether patients received radiation therapy and the timing of radiation therapy (neoadjuvant or adjuvant). Information regarding the use of adjuvant chemotherapy, and specific radiation therapy technique (dose, fractionation, beam energy) were not available in the SEER database.
Covariates included in the analysis were all categorical and included: age (20-44 years, 45-59, 60-74, and 75+), sex, SEER registry, year of diagnosis, T stage (T1 ≤ 5cm, T2 > 5cm), nodal stage, grade (low grade = 1-2, high grade = 3-4), location (upper vs. lower), laterality, and histology. Detailed information regarding margin status at time of resection, local control, and performance status was not available in the SEER database.
Statistical Analysis
All data was analyzed using SAS Version 9.1 statistical software package (SAS Institute, Cary, NC). The Pearson's chi-square test was used to determine if associations existed between the use of radiation therapy and the covariates of interest. Estimates of overall survival stratified by the use of radiation therapy were calculated using the Kaplan-Meier method for patients with low and high grade tumors and for the subset of patients with large (>5cm) high grade tumors. The log rank test was used to determine if differences in survival curves were statistically significant. Results were considered significant when p < 0.05.
To determine the importance of radiation therapy as an independent predictor of overall and mortality, hazard ratios (HR) and their 95% confidence intervals (CI) were calculated based on multivariable Cox proportional hazards models adjusted for all covariates of interest. Models were run for the full sample, and for subsamples of patients with low and high grade tumors. Additional results were obtained to determine if use and timing of radiation therapy was associated with mortality for patients with high grade, large (> 5cm) tumors.
Results
Among the 6,960 patients in this study, 47% received radiation therapy as a component of their treatment. The categorical variables of sex, year of diagnosis, nodal status, and laterality were not associated with administration of radiation therapy ( Table 1 ). The categorical variables of age, T stage, grade, location, and histology were significant predictors of the administration of radiation therapy. High grade, T2, lower extremity located tumors and certain histologies (fibrohistiocytic, synovial, and rhabdomyosarcomas) were more likely to receive radiation. Osseous and peripheral nerve tumors were less likely to receive radiation.
Univariate Analysis
There was no significant difference in overall survival among patients with low grade tumors by radiation therapy. Among patients with high grade tumors, the three year overall survival was 73% for who received radiation vs. 63% for those who did not receive radiation therapy (p < 0.001; Figure 1 ). Among patients with large (>5cm) high grade tumors, the three year overall survival for those who received radiation was 66% vs. 53% for those who did not receive radiation therapy (p < 0.001; Figure 2 ).
Multivariate Analysis
Among all patients, radiation therapy was associated with significantly improved overall survival, even after adjustment for patient and tumor characteristics. Variables adversely affecting survival on multivariable analysis were increasing age, male sex, higher T stage, higher N stage, and higher grade tumors.
Additional analysis was performed on sub-samples of patients based on tumor grade. Patients with high grade tumors who received radiation therapy had an improved overall survival (HR 0.67, 95% CI 0.57-0.79) and cause specific survival (HR 0.76, 95% CI 0.63-0.91), even after adjustment for all available patient and tumor characteristics ( Table  2) . Patients with large (>5cm) high grade tumors had significantly improved overall survival (HR 0.63, 95% CI 0.53-0.77) associated with the administration of radiation therapy (Table  3) .
Neo-adjuvant Radiation
Of the patients who received radiation therapy, 13.5% received it prior to surgical resection. Of this neo-adjuvant cohort, 75% were high grade lesions, and 78% were T2 lesions. The incidence of patients receiving neo-adjuvant radiation therapy did not change significantly between 1988 and 2005 ( Figure 3 ). There was no difference in overall survival in patients with large (>5cm) high grade lesions who received neo-adjuvant radiation versus postoperative radiation therapy.
Discussion
This large population based cohort study examined the impact of radiation therapy on patients who had undergone a limb sparing surgical resection. This study is the first to report that radiation resulted in improved survival outcomes, with the greatest benefit seen in patients with large (>5cm) high grade tumors.
Wide local excision (WLE) has a high local failure rate up to 30%, and so adjuvant radiation has been added to bring failure rates <10% (11) . Local recurrence was found to be an adverse risk factor by 4.4 times for distant metastasis in a large Scandinavian registry study of 559 patients (12) . Intuitively, decreasing local failures and thus distant metastases would improve overall survival, but this has not been proven yet. In the largest prospective study completed at the NCI, 91 patients with soft tissue sarcomas of the extremity were randomized to receive or not receive post-operative radiation therapy after WLE (10) . In high grade tumors, there were no local recurrences (0%) in the radiation arm compared to 22% in the no radiation arm. In low grade tumors that received radiation, there was a 4% local recurrence rate compared to 31% in patients who did not receive radiation therapy. Thus, it was found that that radiation decreased recurrences, however there was no survival difference between the two arms in both the high and low grade tumors. With so few patients in the study, this negative finding may have been due to a lack of power.
Our study did not find an overall survival benefit in the low grade tumors. This seems consistent with a prospective study that suggests that wide local excision alone for low grade, T1 tumors with complete resection margins is acceptable (13) . This phase III adjuvant brachytherapy study of 164 patients demonstrated a 5 year local control benefit with radiation for high grade tumors (91% vs 70%), but not of any additional benefit for the low grade tumors. Despite the better local control for high grade tumors with radiation, this study, like the NCI study, also did not show any difference in distant metastasis or disease free survival. Our results confirm that radiotherapy is primarily effective in large high grade lesions and with a cohort of over 6,000 patients, our study also shows an overall survival benefit. (10, 13, 14) Treatment of sarcoma may be analogous to the breast cancer paradigm, where wide local excision and radiation is equivalent to more radical amputation / mastectomy, and the local control benefit of radiation was found to have an overall survival benefit for patients in a larger pooled analysis (15).
This study was limited primarily based on information availability in the SEER database. First, no information on radiotherapy technique (total dose, fraction size, beam energy) was available, so results could not determine if survival varies based on these factors. Second, although some patient characteristics that are potential confounding factors (such as margin or performance status) were not available in this data set, this study adjusted for all available patient and tumor characteristics. It is possible that the use of adjuvant radiation for low grade sarcomas may be justified if there are known, adverse risk factors (eg, incomplete resection, positive margins) not captured by the SEER database. It is possible that adjuvant radiation for these patients improved results to the level of the more favorable, low grade subgroup that would not need radiation according to the prospective wide local excision alone trial (13) .
We also cannot comment on the influence of chemotherapy in this study because it was not recorded in SEER. Per NCCN guidelines, chemotherapy is not a standard treatment regardless of histology. We attempted to exclude pediatric tumors with an age eligibility >20 years old. Adjuvant chemotherapy was given to all high grade tumors in the NCI prospective study, but no change in overall survival was seen. A Lancet meta-analysis of 1568 patients from 14 trials using doxorubicine-based regimens failed to find an overall survival advantage (16) . Thus, chemotherapy's role for adult sarcoma tissue is controversial and remains uncertain (16) (17) (18) (19) . Regardless, even if one assumes that adjuvant chemotherapy was preferentially to the radiation arm, the Lancet meta-analysis suggests a small absolute benefit of 5% at 5-10 years. This study suggests a benefit beyond any chemotherapy effect with an absolute overall survival difference of 10% in high grade lesions.
The majority of patients who received neo-adjuvant radiation in this study were in the large (>5cm) high grade subset but there was no difference in overall survival between patients with neo-adjuvant or post-operative radiation for this group. In regards to neo-adjuvant vs. post-operative radiation treatment preference, a large randomized trial from the NCI Canada Clinical Trial Group initiated in 1994, closed in 1997, and reported in 2002 showed that local recurrence and progression-free survival were similar between either arm (20) . However, neo-adjuvant radiotherapy was associated with improved long-term functional outcomes when compared to post-operative radiotherapy (21) . Despite these results, we found that the incidence of patients receiving neo-adjuvant radiotherapy nationwide has not changed significantly over the past twenty years.
Conclusions
This is the largest population based study in patients undergoing limb sparing surgery for soft tissue sarcomas of the extremities and our results indicate that radiation therapy was associated with improved survival outcomes in patients with high grade tumors. Furthermore, neo-adjuvant radiation appears equivalent to post-operative radiation therapy in terms of survival outcomes in patients with large high grade tumors. Finally, the rates of neo-adjuvant radiation therapy have not increased significantly over the past several years. 
